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ABSTRACT

An investigation of the foundry air contamination and resulting
uranium losses during the production and casting of U-Al alloys is
reported. Tests were -made using both enriched and natural uranium,
Data show that although actual uranium losses are low, if they are not
properly controlled, they can cause serious air contamination., A
simple but adequate ventilating system is shown,
INTRODUGTION

The method of producing U-Al alloys at ORNL consists of the
reduction of Ujﬁg by molten aluminum in the presence of cryolite,
The pig produced in this operation is then remelted without a flux and
cast into an ingot, In thiz process the uranium can be acsounted for

as fbllowsg
(1) 21loy ingot

(2) slag, dross and crucible losses

(3) air losses.

This report is an investigation of the magnitude and effects of
item three, These lossss are of interest both from the standpoint of
air contamination and uranium accountability, The effects of both of
these factors are magnified when enriched méterial is handled. A
suitable exhaust and collection system would accomodate both of them.

During sarly work on the U=Al alloys Health Physics made several
air tests and found no activity. When a large batch of U23° was
reduced and cast it was thought advisable to obtain a record of air
contamination and uranium air losses. The first sample was found to be
well below tolerance; however, & check sample and several taken subse-

quently gave values considerably above tolerance level,

] 7o e oL S s A s Y S @ R INR T iy 0 SR a0 e St i v il R s Sulc Tt AR L g o e e i g P i e it Ay Lire Snaieinllie T % Pict S ool

Dt 3 ¢ S Ay - o - N il



I1I,

S -5~

Tn light of these results an investigation was made to deter-
mire: (1) safe working conditions for the rsduction of 0235 oxide to
U-A1 slloy and (2) uranium losses., Since a limited amount of UR35
is available for such tssts natural uranium was substituted.
PROCEDURE AND EQUTPMENT

In these tests the U30g was mixed with cryolite in a weight
ratio of 134 befors being charged., The mix was added to molten
aluminum either by being poured from = bo?tle into the crucible or
by being added while ield in gluminum foil cans, In either case
the mix fleated on the aluminum, There was no difference in ingot
uranium recovery betwesn the two methods. The time required for the
charging and melting was betwsen fifteen and tweniy-five minutes
depending upon the techmigue used by the operator. After melting,
the mix was teld st temperature (1150°C) for thirty mimutes with
frequent stirring, During this interval the alloy was covered with
a six to eight inch lsyer of molten slag,

Remelting is a szimple operation consizting of the following
stepss (1) melt the piz at 825° G; {2) hold at tempsrature for ten
minutess {3) dross to removs oxide and other light impurities; (4)
pour into an ingot mold, With natural uranium all tests wers made
on heats preducing 1500 grams of 25% uranium alloy., The conditions
for the enriched heats varied and are listed individually.

Figurs I shows the hood snd its relationship to the coil and
crucitle, The phelograph was made afisr the investigation was com-

pleted and shows the sides and top that were not part of the hood
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during these tests, The face of the hood is nine inches across and
eight inches high. It is connected to the fan by means of a four
inch flexible pipe. The blower is a Trane air blower model B-5852
and is powered :by a one=half horsepowsr, 1725 RPM motor with a 132
pulley ratic., The capacity of this system is 166 c.f.m, In addition
8 smaell window fan was in operation continually,

All air sampling was by means of Precipitrons, The sample tubes
were located directly sbove the crucibls and/or epproximately five fee
out into the room, The length of sampling time and the exact 1ocaqiiio:
of the sample tube are given in the Tables, After a twen‘by—foulf/(de’ca;
period, the samples were counted by the Héalth Physics Division,

Both types of U;0g were high purity material in the form of fine
dry powder end were ovbained from the Atomic Energy Gommission or the
Manhattan District, No information on particle size is available for
either material,

DATA AND DISCUSSION

A, Air Contamination,

This section of this report has been divided into two partss
(a) tests during natural heats and (b) tests during enriched heats,
The data for the first section are plotted in Table I and for the
second in Table II, For both of these sections the continuous exposw
tolerance level, above which a mask is required; is taken as

3.1 % 10”11/‘/%* for long-life alp'nao(l ) T4 showld bs pointed out

* /"/ee - Microcuries/cubic centimeter of air tested.
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that while values below this are considered acceptable they are
not desirable, as any level of activity is to be avoided if at-all
possibie° Since the number of enriched heats is limi%ed,'it is not
practical to conduct an extensive air contamination study with this
material, To correlate the data obtained with the natural heats to
what would be expected with enriched'material, Health Physics
furnished datall) to plot the curves shown in Figure TI, The values
are only approximationsbut are sufficiently accurate for this work,
The hazard factors show how many times more dangerous than natural
uranium a material of a given enrichment is, Since the processes
8t K-25 and Y-12 affect the concentration of U->% qifferently, the

hazard factors will vary,

a, Nabtural Uranizm Tssis

An exsmination of Table I shows that the reduction of U308 in an
open furnace is inadvisable sven with natural uranium., Adding the mix
in,aluminum cans resulis in some improvement but the counts although
below tolerance are still very high, Comparing these results indicate
that while soms of the activity results from the pourding, most of it
is carrisd@ out of the crucible by the gases and vapors rising from the
bath, When the tests were repeated with the hood operating, both
methods gave counts well below tolerance level,

Section C of Table I proves that most of the activit& is carried
from the bath before the mix has melted. It is evident that the escap

gases and vapors entrain small particles of the U308 while rising thre
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TABIE I
ATR COUNTS FROM PROCESSING NATURAL URANIUM
! Séiiple Fan off Faxr on
Tube A% 7 orrecieq Gornecte'iA
Tegt Locati tio r eﬁ 4
es cation Cperation Count IAverageliverage || Average orage
A i f“bo Bottls charging 3e94 3080 3057 oeo 0022
above 1
crucible
L} 1] [} 3066
B " Can charging 3.91 2,84 2,61 0,04 0,27
8 n " 1.94
u n " 209‘4
" n n 2,58
c w Stirring 0,39 0.50 0,27 0,10 0,33
] " 0063
o (1]
] "
D " Remelting 0.33 0,33 | 0,10
B 5 fb.away|Entirs heat 0,38 0,26 0,03 =0,16 0,07
6in,below
I n 17 0032
n n ] 0,07
F #Inside ox-|Can charging 0.7 | 0.9
hausd ‘
fuFnsl
G Tnside Botile charging 1.97 20,20
Stack
Outlet
H [n main rmi Nome 0,11 0.23
of bldgo
B w 0.25
n ® 0633
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the ummelted mix. During ths stirring or holding period of the
reduction heats, very little activity was detacted even with the

hood fan off, Ths first two comparatively high results in this sectionm,
measured with the heod om, were caused by activity remaining In $be  roon
from heats that were charged with the hood off, Even when these results
are included, the average is still very low either with orlwithout ths
hoed . 4n operation.

Conditions during a remelt heat ars similar to those in the
stirring period of a rsduction heat, In a reduction heat the bath is
protected by a thick layer of slag while in the remelt heats.ths. proe.
tection is achisved by an oxide layers also, in msithksr case is there -
any powdered oxids present, For this reasgon, similar low counts would
be expected and Section D confirms this., Only ons remelt heat was
tested,

Even when activitise well above tolerance are measured near the
crucible; the window fan and regular ventilation system keeps the msjor
portion of the room well belew the dangsr point. This is confirmed by
the results tsbulated ir Section E, With the furnace hood off, the
average valus at a point five feei from the crueible is less than 10%
of tolerance over & ons hour period, To cut down on the number of sample
being counted, the room counts were taken for sn entire heat rather than
for individual operations, However, these values are so low it does not
appear likely that thsay exceeded the tolerance value even for a shord

inter’valo
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Three tests were made to determine the long-1ife alphs
background activity, From the thrse individual values reported
in Section H, the average background was found to be 0.23 x IOOIJZbec
Two of the samples were taken in the main rcom shortly after runs
in the foundry but the taird (0,25 x IO’I%AVéQ) was taken in the
foundry on a Monday morning tefore any msterial was handisd, Since
an air current passes from ths main room into the foundry, the

a

foundry operation should not affect tests in the main room., This

average vaiue (0,23 x 10”11bec) has been substracted from the
averages for sach test to give the corrected aversges as listsd in
Table I,

If cne were to =zttempt to corrslats & natural uranium velus
to one that would be obitained with K-25 93% enriched matsrial, it
ig evident from Figure 2 that multiplying by a fastor of almost 100
is necessary., From this it is evident that the background sione is
enough to produce values above tolerancs when converted to highly
enriched material, To meke mstisrs worss, ﬁhe difference betwessn
the extreme backgrownd figuves (0,22 x 101 M/sc) is also enough to
produce errors lerger than the tclersnce valus, _ For natural maberial
a valus below 0,03 x 10~*}M/cc would be necessary befors it could bs
converted and give a value below tolerancs for highly enricked

material. An examination of the individual valuss msking up the

zverages in Table I shows variations much larger than this figurs,

.




Suaam—

From the foregoing discussion it iz svident that tests made

with natural material will give only =zpproximations of what can be
\

’

expected with enriched materials., It iz possible to establish the
most desiré.ble conditions but 3t is not possitls to predict sxact
air conbamination vaiues., When ths baskground values ars subtracted
from the averages in Tabls I.t'ne results obtained when the hood is
in operation are at lsast of the proper order of magniiuje for
safety, A conclusive figurs for sir contsmination with enrichsd
material cen bs dstermined only by using the enriched mabterial itself,
b, Enriched Uranium Testis.
The results tabulated in Table Il are from tests made during the

processing of K=25 snriched materizl of approximatsly 93% snrichment,

Thsse results instigated this investigstion,
Of the tests made during the reduction cperations (1-6) =1l
except the first produced counts well above the tolerance level.
The testz during this series were taksn for thirty m_;?zxu‘te*‘ intervals
A3 o result they

t

rather than being timsd for 2 single opsration,
include some stirring time in sdditior to the charging =nd melbing

periods during which ths contamination rsushes a meximum, At the
requesst of the Atomic Energy Commission the hcod was turned off

during charging which consiztsd of from fifiteen to twenty-five
From the resulis presentsd in

minutes of the thirty minute test,
Tzble I it is now svident that this is the interval during which
For purposes of camparison

the air contamination reachesg a maximum,
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TABLE IT

ATR COUNTS FROM PROCESSING ENRICHED URANIUM

‘Semple Tube yo14, | Hoat size
Test !inches zhg® # Ue. gm. Fan Operation Operation
crucible
1 18 18 1000 After charging Charging by Pouring
2 18 18 1000 n n " n n
3 18 18 1000 8 n n n n
|
A 18 18 1000 Entire heat - hood " n "
6 in, to side
during charging
5 12 30 800 Entire heat - hood | Charging by cans
6 in, above cruciblp
6 6 18 1000 After charging Dharging by Pouring
7 12 40 150 Entire heat entirs heat
‘8 12 30 800 Entire heat - hood | Stirring
6 in, above cruciblb
9 18 4o5 2500 Entire heat Remelting
1] n 4] ] % 2}

10

e
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these heats should te eonsidered as being made with ths fan off,

In test 4, the hood was left cn, tut lcst most of its effectiveness
by being moved six inches to one side of the crucible, In this
operation there was only a slight drafd over the crucible but a
large drop in zir eontamination was found. Test 5 was made with the
fan on, but the bottom of the hood was six inches atove the crucible
top. This test was “azken only during charging aad melting., In épite
of the fact that *his tsst did not include any stirring time and that
vapor could be ssen tlowing Into the rocm from the gix insh spaes,
the test gave a result much lowsr than the first thrse which wers take
on simiiar heatg,

Tezt 7 was on 2 heat much smaller in size than the others but
becsuse of thiz zlmosti the sentire stirring pericd eould hé included
in the 30 minute interval. T¢ compensate partially for tns size
difference, the cample tube was moved ecloser to the crucible, This we
the only enriched test in which the hood was operating in the proper
position and it was ths only one that produced z contamination btelow
tolerance level,

As far as safe working conditions are ccncermsd, tests 4, 5; and
7 present a much more optimistic and representative view point than tt
others. Whils no definite conclusions can te drawn, the indications
are that with the hood 6perating in the proper position. for an entire
heat, enriched material can be handled safely. Test 4 produced a valr

only slightly sbove tolerance level even with the hood only partially

P o
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effective, Tests 4 and 5 which were made with only partial hood uss
showed values well below those recorded for similar heats made withow
the hood in operation, Test 7 gave & value below tolerance,

?he last three heats which were made during either stirring or
remelting operations confirm the previous conclusion that most of the
activity is earried out before the powdered mix has melted. Test 8
was made on the same heat and immediately following test 5, but the ai
activity had fallen by a factor of ten. Both of the tests made during
remelting gave very low values, Thess vsluss are not compzsrabls to ti
others since the hood was in use during the entire operation,

B, Material Losses,

From the preceding sections of this discussion it is apparent
that some uranium is being carried ocut of the crucible, When snrichec

material is handled, the magnitude of these losses is quite important.,

Since no corresponding air volume or velogity figures could bs
determined, the air counts discussed so far cannot be converted into
actual uranium losses, The easiest place to determine bocth of these
sets of figures was in the exhaust stack, The wvelocity in the stack
was measured by Heslth Physics and reported(z) a3 being 166 cubic fast
per minute, Owing to the differences in draft between the hood and th
sample tube, difficulty was encountered in obiaining representative
samples, At the inlet the stack dreft‘would be opposing the sample
tube suction; therefore; the ssmple would be smaller than usual, and

low results would be obtained, At the top of the stack the effsct

L3
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would be reversed but to & smaller extent, The resulils of the
samples taken at these points are ftabulated in Sections F and G
of Table I,

For purposes of calculation ths corrscied value obtained at ths
top of the stack (2.0 x 19@11/'/0»::) was taken as being correct, It
may bs a litt_le high owing to ths stack draft Increasing the sample
gize but this iz partislly compsnsated by including soms of ks
stirring period with itz lower losses, The samplss taken at the Yop
are slightly higher and would thersfore give ths maximum loss, To
convert the air counts inte actual uranium lossss @ valus of 1,47 x 10
gramg of uranium per curie(B) was used., Ths following Is the calcula~
tion for determining the uranium losses during a fiftsen minute

charging and mslting periods

2,0 x 10"’11///@@ x 1,47 % 107 mg/M x 166 c.fom, x 28340 ee/e. T,

x 15 min, = 2,1 milligrams of uranium,

No samples wsre taken from the hcod system during stirring,
Ssction B and € of Table I show that the air coumt with the fan off,
drops from 2,84 M/cc during charging to 0,50 P/ce quring stirring,
The ratio vetween thess Lfigurss (%: 20} should be.an indication of ths
relative emounts being lost during the two periods. A simpls caleunla-
tion then shows that the spproximats loss during ths thirty minuts

stirring periecd should bs as follows:
G O "O mi-no 2_ 2 o ‘ AP es ‘ La
2.1 x 2% ¥ m 0.7 milligrams of uranium,

_—
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For an entire reduction heat producing 1500 grams of 25% alloy,
the uranium carried cut into the air would be the sum of the above twc
figures or about thrse milligrams, This figure cannot be taken as
an exact value but it is at least of the proper order of magnitude anc
appears to be on the high side. The lecss during a remelt heat would t

about the same as during stirring or about one milligram,

CONCLUSIONS..

From this work it appears that both natural and enriched material
may be reduced to form uranium gluminum allcy without exceeding tolers
levels, This can be accomplishéd using only very simple hood faciliti
It is ﬁossible that counts slightly sbove tolerance may .-be fm A Aurin
the charging and melting pericd but this time could bs held to a maxim
of fifteen minutes, It would not be necessary for the operator %o te
near the furnace for this entire per:iode With only two reduction heat
per day even if this brief high pericd exists it would nct be serious,
The air contamination will be reduced further by sxtending the sides ¢
the hood to eliminate cross drafts as shown In Figure 1., During the
stirring of reduction heats and remelting of the alloy, no difficulty
from air contamination should be found even with highly enriched mater

Although difficulty was encountered with air contamination, the
actual uranium losses are very low, The loss during a reduction heat
being approximately ihree milligrams and during =z remelt heat one
mila.:‘igram° A filter i3 being installed in the exhaust system to colle

these small amounts.
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